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A multiple band antenna having multiple branches, 
each branch having a length and geometry selected to 
resonate in a particular frequency band. Each branch can be 
formed by a flexible film which has a meandering strip line 
pattern formed thereon and which is formed into a desired 
shape. Each branch can also be formed by etching a strip 
line to a member of a desired shape. The strip line pattern 
is preferably formed by printing so as to avoid mechanical 
tolerance problems. 
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MULTBPLE BAND, MULTIPLE BRANCH 
ANTENNA FOR MOBILE PHONE 

Field of the Invention 

The present mvention relates generally to antennas for mobile 
communication devices. More particularly, the present invention relates to a 
multiple band, multiple branch antenna. 

Background of the Invention 

Because there are many different types of communication systems, such as 
GSM, DCS, PCS, DAMPS, and others, it is increasingly possible to have 
different types of systems servmg a common area. These systems typically 
operate at different frequency ranges, e.g, GSM typically operates at 890-960 
MHZ and DCS typically operates at 1710-1880 MHZ. In the future, it may be 
desirable to introduce any of a number of functions such as home based wireless 
phone, mini data link, wireless hands free set, etc. to a mobile telephone. For 
these reasons, a multiple mode antenna (that is, an antenna which can resonate at 
different frequency to allow a communication device to operate in multiple bands) 
is highly desirable. 

Some dual band antenna designs are known. The Japanese patent (6-3753 1) 
discloses a helix which contains an inner parasitic metal rod. In this antenna, the 
antenna can be tuned to dual resonant frequencies by adjusting the position of the 
metal rod. Unfortunately, the band width for this design is too narrow for use in 
cellular communications. Dual band printed monopole antennas are known in which 
dual resonance is achieve by the addition of a parasitic strip in close proximity to a 
printed monopole antenna. While such an antenna has enough bandwidth for 
cellular communication, it requires the addition of a parasitic strip. Moteco AB in 
Sweden has designed a coil matching dual band whip antenna and coil antenna, in 
which dual resonance is achieve by adjusting the coil matching component (Vi X for 
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900 MHZ and X for 1800 MHZ). While this antenna has relatively good band 
width and radiation performances, its length is only about 40mm. A non uniform 
helical dual band antenna which is relatively small in size is disclosed in Applicant's 
copending , commonly assigned application entitled "Multiple Band Non-Uniform 
5 Hehcal Antennas", serial number 08/725,507, the entirety of which is incorporated 
by reference. 

It is known that an extended whip anterma has a higjier eflBciency when the 
phone is relatively close to a human head. Typical dual band extendable whip 
antermas, such as those mentioned above, require a complicated matching network 

10 to match the whip anterma impedance to the two bands within 50 ohms. A dual 

band retractable antenna is disclosed in Applicant's copending, commonly assigned 
application entitled **Retractable Multi-Band Antennas", serial number 08/725,504, 
the entirety which is incorporated by reference. Such an anterma requires two ports, 
one for a helical antermia and another for a whip anterma. A means for switching 

1 5 between the ports for the different modes is required. 

It would be desirable for a multiple mode portable conmiunication device 
xo have an efficient rmiltiple band anterma. Conventional dual band helical 
antermas such as those described above have certain disadvantages. For example, 
mechanical production tolerances can change the resonant frequencies, particularly 

20 at higher bands. Also, it can be relatively difficult to provide a sufficient coupling 
for dual band parasitic coupling extendable antermas because the distance between 
a base anterma and the extendable whip can be different at different bands. 

Summary of th e Invention 

The present invention overcomes the above-described problems, and 
25 achieves additional advantages, by providing a multiple band, multiple branch 
antenna which can be tuned to multiple resonant frequencies. The multiple 
resonances for the antenna ( corresponding to, for example, GSM, DCS or PCS) 
are achieved by providing variations in the printed pattern of the anterma 
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branches. Each branch of the antenna can be printed on a relatively thin plastic 
film, and can be rolled into a cylinder shj^e. Alternatively, the branches can be 
formed by etching patterns on a plastic member having a cylindrical or other 
suitable sh^e. 

The multiple branch antenna of the present invention achieves resonance at 
different frequencies without a matching network. If the antenna branches are 
formed by printing, mechanical tolerance problems are avoided. The geometries 
of the branches can be varied to allow increased design freedom. 

Brief Description of the Drawlnpg 

The features and advantages of the present mvention will be more fully 
understood upon reading the foUowmg Detailed Description of the Preferred 
Embodiments in conjunction with the accompanying drawings, in which like 
reference indicia designate like elements, and in which: 

FIG. 1 is a diagram showing a mult^)le branch antenna in5)lementing the 
principles of the present mvention; 

FIG. 2 is a diagram of a printed antenna branch according to an 
embodiment of the present invention; 

FIG. 3 is a diagram showmg a method for manufacturing an antenna 
according to the present invention; and 

FIG. 4 is a graphical representation of measiured return loss for an anteima 
assembly including a multiple branch antenna according to the invention. 

Detailed Description of the Preferred EmhoHimfiT^ t,^ 

A central principle of the present invention is that different branches of the 
multiple band antenna are resonant at different frequencies. This principle is 
represented in FIG. 1. which shows a multiple branch antenna having first and 
second branches 10 and 12. The antenna branches are connected to a common 
port 14 for exchanging signals between the antenna branches and the transceiver 
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circuitry of a portable conummicatioiis device 16. The first branch 10 is of a 
length and construction so as to be resonant at frequencies in a first band, and the 
second branch 12 is of a length and construction so as to be resonant at 
frequencies in a second band. According to a preferred embodiment of the present 

5 invention, the first band is the GSM band and the second band is the DCS band. 
In such an embodiment, the first branch 10 is approximately 1/4 wavelength of a 
GSM signal, and the second branch 12 is approximately 1/4 wavelength of a DCS 
signal. The antenna is tuned, for example at the time of manufacture, to an 
impedance of approximately 50 Q for both bands. If the antenna is so tuned, no 

10 impedance matching circuitry is required between the anteima and the port 14. 

Referring now to FIG. 2, an exemplary antenna branch according to an 
embodiment of the invention is shown. The antenna branch is comprised of a 
relatively thin, flexible dielectric film 20 and a strip antenna formed by a 
meandering metal line 22. The metal line can be formed by printing, etching, or 

15 other suitable method. Because the film is a flexible material, the printed film can 
be rolled into a generally cylindrical shape for use as an antenna branch, as shown 
in FIG. 3, It should be appreciated that the cylinder could be partially open or 
completely closed depending upon antenna design considerations. For example, 
the bandwidth of the antenna can be varied by varying the diameter of the 

20 cylinder. Of course, it should be appreciated that the antenna branches can be 
formed in shapes other than a cylinder, and different branches can have different 
geometries (for example, elliptical), dq)ending upon design considerations. The 
metal line 22 can also be etched directly onto a dielectric cylinder. The xise of 
different geometries and manufacturing methods allow increased design ft-eedom. 

25 The meandering metal line 22 is preferably varied between the antenna 

branches such that the different antenna branches are resonant at different 
firequencies. Thus, multiple resonances m multiple branches can be achieved by 
selecting appropriate strip dimensions and paaems for each branch. 
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The antenna branches are similar to monopole antennas, and have 
relatively high efficiency when used in a portable, hand-held communication 
device such as a mobile telephone. The dual resonances of a typical dual band 
helical antenna are achieved by changing pitch angle or other helical parameters. 
S Because the resonant frequencies m a helical antenna will also be dependent upon 
the mechanical tolerances of the helical parameters, the multiple branch antenna of 
the present invention provides a significant advantage. More particularly, the 
printed multiple branch antenna according to the present invention significantly 
reduces the likelihood of mechanical tolerance problems because the height of the 

10 antenna can be easily adjusted by changing the strip Ime pattern or dimensions. 

The antenna of the present invention is particularly suitable as a multiple 
mode base antenna for die parasitic extendable dual band antenna disclosed in 
Applicant's copending, commonly-assigned application entitled "Multiple Band 
Telescope Type Antenna for Mobile Phone", the entirety of which is incorporated 

15 by reference. When used as a base antenna in cooperation with a whip antenna, 
the multiple mode, multiple branch antenna of the present invention allows the 
coupling distance between whip antenna and the base antenna to be easily 
adjusted. This provides a significant advantage over known dual band helical 
antennas. 

20 Referring now to FIG. 4, a graphical rq)resentation of measured return 

loss for an antenna assembly including a multiple band, multiple branch antenna 
according to the present invention is shown. In this example, the plastic film is 
bent into a substantially circular cylinder which is approximately 25mm m length 
and approximately 9mm in diameter. FIG. 4 shows the return loss in dB for . 

25 different frequencies. The diagram indicates a first peak corresponding tot he 
GSM frequency band, a second peak corresponding to the DCS frequency band, 
and a third, shallower peak corresponding to the PCS frequency band. It will be 
appreciated that a suitable antenna according to the present invention can be 
designed to operate in two or more bands corresponding to GSM, DCS, PCS, or 
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other frequency bands. Radiation pattern tests of tiie antenna according to the 
present invention show that the antenna achieves performance similar to a helical 
antenna, but the with a broader band width. 

While the foregoing description includes numerous details which are 
5 provided for instructional and explanatory purposes only. The specific examples 
discussed above are not to be construed as suggesting limitations of the invention; 
rather, these examples can be modified in many ways without departing from the 
scope of the invention, as defined by the following claims and their legal 
equivalents. 
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WHAT IS CLAIMED IS: 

1. A multiple band, multiple branch antenna, comprising: 

a first branch having a first length and first cross-sectional geometry for 
resonating at a first frequency; and 
5 a second branch having a second length and second cross-sectional 

geometry for resonating at a second frequency. 

2. The antenna of claim 1, wherein each branch includes a flexible 
dielectric film having a different metal strip line pattern formed thereon. 

3. The antenna of claim 2, wherein the metal strip line pattern is formed by 
10 printing. 

4. The antenna of claim 2, wherein the metal strip line pattern is formed by 
etching. 

5. The antenna of claim 1 , wherein each branch is formed by etching 
metal strip line patterns onto a dielectric member. 

1^ 6. The antenna of claim 2, wherein the first and second branches each have 

lengths corresponding to one of die GSM frequency band, the DCS frequency 
band, and the PCS frequency band. 

7. The antenna of claim 2, wherein the first and second cross-sectional 
geometries are substantially similar. 

20 8. The antenna of claim 7, wherein the first and second cross-sectional 

geometries are substantially cylindrical, and have diameters selected to achieve a 
desired bandwidth and size. 
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9. The antenna of claim 1, wherein first and second branches are tuned to a 
common hnpedance. 

10. The antenna of claim 5, wherein the dielectric member has a 
substantially cylindrical geometry. 

5 1 1 . A multiple mode, hand held, portable communication device, 

comprising: 

transceiver circuitry for exchanging communication signals in multiple 
modes; and 

a single port for interfacing between the transceiver circuitry and a 
10 multiple mode antenna, the multiple mode antenna having a first branch having a 
first length and first cross-sectional geometry for resonating at a first frequency in 
a first mode, and a second branch having a second length and second cross- 
sectional geometry for resonating at a second frequency in a second mode. 

12. The device of claim 11, wherein each branch mcludes a flexible 
15 dielectric fihn having a different metal strip line pattern formed thereon. 

13. The device of claim 12, wherein the metal strip line pattern is formed 
by printing. 

14. The device of claim 12, wherein the metal strip line pattern is formed 
by etching. 

20 15. The device of claim 1 1 , wherein each branch is formed by etching 

metal strip line patterns onto a dielectric member. 
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16. The device of claim 12, wherein the first and second modes are GSM 
and DCS, and the first and second branches have lengths corresponding to the 
GSM fi-equency band and the DCS firequency band, respectively. 

17. The device of claim 12, wherein the first and second cross-sectional 
geometries are substantially similar. 

18. The device of claim 17, wherein the first and second cross-sectional 
geometries are substantially cylindrical, and have diameters selected to achieve a 
desired bandwidth and size. 

19. The device of claim 11, wherein fia*st and second branches are tuned to 
a common impedance such that there are no separate inq)edance matching 
networks between the single port and the first and second branches. 

20. The device of claim 15, wherein the dielectric member has a 
substantially cylindrical geometry. 
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